Background. Mortality and morbidity rates are higher in patients receiving haemodialysis therapy than in the general population. Detection of risk factors related to early death in these patients could be of aid for clinical and administrative decision making. Objectives. The aims of this study were (1) to identify risk factors (comorbidity and variables specific to haemodialysis) associated with death in the first year following the start of haemodialysis and (2) to design and validate a prognostic model to quantify the probability of death for each patient.
Introduction
Overall mortality in haemodialysis (HD) patients is 6.8 times greater than in the general population. This higher mortality is associated with, and may in part be explained by, higher morbidity, which is either pre-existent [1] or produced during the period on renal replacement therapy (RRT) [2] . It would be highly desirable to have a tool that could predict early death in these patients as an aid in decisionmaking related to RRT, to provide objective information to patients and their families, and to perform health planning analyses and comparative studies. In addition, the early identification of risk factors would allow the implementation of corrective measures in factors that are amenable to some type of intervention.
The aims of this study were to identify risk factors associated with death in the first year following the start of HD, and to design and validate an easily applied prognostic model to determine the specific risk status of each patient.
Patients and methods
The data source used for this study is the Catalan Renal Registry (RMRC, Registre de Malalts Renals de Catalunya), created in 1984 by the Health Department of the Government of Catalonia. Notification to the RMRC is mandatory for all centres, both public and private, that offer this treatment in Catalonia, an autonomous region of Spain. Information for the Registry is collected for each patient at the initiation of RRT and yearly thereafter. Data on mortality (date and cause) were obtained from the online notification system used by the centres and from the annual Registry update. In cases lost to follow-up, other sources of population data were consulted. Since 1984, information on morbidity has been recorded for the Registry [3] at the start of RRT, and since 1990 the data have been updated at each yearly follow-up.
This study includes all patients older than 17 years and residing in Catalonia who started haemodialysis treatment during the period 1997-2003 (n = 5738) and had a minimum follow-up of 1 year.
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The risk factors studied are easily obtained by the attending physician: age, sex, type of primary renal disease, presentation form of ESRD (acute is attributed to a lack of predialysis nephrologic care, whereas subacute or normal progression implies predialysis nephrologic care during at least 6 months), functional autonomy degree (FAD), cardiovascular disease, peripheral vascular disease, malignant processes (diagnosis of any malignant disease before starting HD, whether active or not), chronic liver disease, chronic obstructive pulmonary disease (COPD), arthropathy, intestinal disease, esophageal, stomach and duodenal diseases, malnutrition (BMI < 20), and first vascular access.
Age was taken as a continuous variable and, following analysis of the linear pattern, was divided into 10-year units for the logistic regression analysis. Primary renal disease was divided into three groups: diabetes (EDTA codes 80 and 81), systemic (EDTA codes 73, 74 and 82-89) and standard disease (the remaining EDTA codes) (Appendix A). Functional autonomy degree was assessed with Gutman's modification of the Karnofsky index for renal patients [4] . Morbid conditions were grouped according to the International Classification of Diseases (ICD-9) coding (Appendix B). The type of vascular access used at the start of dialysis was divided into two categories: catheter, or arteriovenous fistula (AV fistula) and graft.
The total population was randomly divided into two samples, one with 60% of the patients (n = 3455), which was used to develop the model, and the other with the remaining 40% (n = 2283), which was used to validate the model.
Statistical analysis
The prognostic model was constructed using a logistic regression analysis, in which the dependent variable was mortality at 1 year following the start of haemodialysis. The variables were entered in the model one by one and retained when their significance was <0.10, with the exception of the variable sex, which was forced into the model for demographic purposes even though it was not significant. The main effect variables were sex, age, primary renal disease, functional autonomy degree, cardiovascular disease, COPD, malignant processes, chronic liver disease and malnutrition.
Possible interactions between the variables in the model were tested two-by-two, retaining those that were significant, that had sufficient events in their categories (>1%), and that were clinically plausible. An examination of all possible two-way interactions among these main effects determined that three of them satisfied all our criteria for inclusion in the model.
Calibration of the models was assessed with the HosmerLemeshow goodness-of-fit test, which determines the accuracy of the statistical probabilities generated by the model studied; i.e. it compares the predicted number of patient deaths with the actual number observed for each decile of risk [5] . Discrimination was assessed using the area under the receiver operating characteristic (ROC) curve to evaluate how well the model recognized patients who had died by 12 months [6] . Statistical analyses were performed using SPSS software, version 12.01.
Results
Description of the population
The demographic and clinical characteristics of the 5738 patients studied are shown in Table 1 . Among the total, 16.5% (n = 946) had died by 1 year following the start of HD treatment. The mean age was 64.6 ± 14.4 years and 62.2% were men. The etiology of renal failure was diabetic nephropathy in 20% of the cases and systemic disease in 5%. Ten percent of the patients had not been seen by a nephrologist; hence the debut of end-stage renal disease (ESRD) was acute in these cases. Thirteen percent required special care for daily living and 29% had somewhat limited functional autonomy. More than half of the patients initiated dialysis with a catheter as the first vascular access. The most frequent comorbid conditions were cardiovascular disease in more than 40%, peripheral vascular disease 27%, arthropathy 23% and COPD 17%.
Development of the model
In the sample used to develop the model (n = 3445), firstyear mortality was 16.2% (n = 558). Information on all the variables studied was available in 3326 cases (96.3%).
The results of the predictive model for mortality in the first year of HD treatment are shown in Table 2 . The table contains ß coefficients with the standard error and OR values with the 95% confidence interval for all the risk factors in the model, except the variables age and malignant processes. The coefficients of these two variables cannot be interpreted separately; they should be interpreted together as an interaction. Since age is a continuous variable, ORs are shown as a graph ( Figure 1 ) rather than in a table.
The model shows that the mortality risk of patients with systemic primary renal disease is 2.7 times greater than that of patients with standard primary renal disease, after adjusting for the other factors (Table 2) . Patients who require special care for daily living at the start of HD have a 4-fold greater risk of death at 1 year than those with normal functional independence, and patients with COPD have a 1.3-fold higher risk than those without this comorbid condition.
The interaction between first vascular access and cardiovascular disease should be interpreted by taking as the reference patients without cardiovascular disease who started HD with an arteriovenous fistula. Thus, the fact of presenting cardiovascular disease before HD implied a 3.2-fold increased risk, the fact of having a catheter as first access without cardiovascular disease implied a nearly 4-fold increased risk and the fact of starting with a catheter and having cardiovascular disease increased the risk by 5.6-fold as compared to the reference population. Examining a specific example, in two patients with cardiovascular disease differentiated only by the vascular access at the start of HD, the patient starting with a catheter will have a 1.7-fold higher risk (5.63/3.24) of 1-year mortality. In another scenario, the risk in a patient without cardiovascular disease Figure 2 . SE = standard error.
Fig. 1.
Odds ratio of the risk of death one year after starting hemodialysis according to age and neoplastic disease diagnosis. starting HD with a catheter (OR 3.8) is higher than that of a patient starting with an AV fistula (OR 3.2).
The interpretation of the other interaction between two dichotomous variables, first vascular access and nutrition, should be done in a similar manner. As was seen from the above interaction, the risk of starting HD with a catheter and normal nutritional status is greater than starting with an AV fistula and malnutrition (OR 3.8 versus 3.4).
Interactions between age and the presence or absence of a malignant process are shown in Figure 1 . Using 20-yearold patients with no malignancy as the reference, mortality increases with age in patients without neoplastic disease, but not in patients with neoplastic disease. The increased risk of death in patients with a malignant process relative to those without is higher in younger patients than in older ones; nevertheless, patients with a malignant disease are always at a higher risk than those without, whatever the age. Between two 20-year-old patients, differentiated only by the presence of a malignant process, the risk of death is almost 15 times higher in the patient with a neoplasm.
The Hosmer and Lemeshow test results (P = 0.97) demonstrated good calibration and goodness-of-fit for the model studied (Figure 2 ). The area under the ROC curve for the model was 0.78, indicating appropriate discrimination among patients who died by 1 year after starting treatment and those who did not.
Validation of the model
The model was validated in the remaining 40% of the patients inscribed in the Registry during the study period (n = 2283 cases). One-year mortality was 17% (n = 388) in these patients and information on all the variables studied was available in 2192 cases (96.0%).
The coefficients of the prognostic model were applied to this population according to the following formula:
which yielded the specific probability of death at 1 year for each individual patient. These probabilities were distributed into 10 groups (deciles of risk), allowing estimation of the expected number of survivors and non-survivors in the first year of treatment for each of the 10 groups. These results were compared with the actual number of survivors and non-survivors at 1 year in each of the groups (Figure 2 ). There were no statistically significant differences between the data estimated by the model and the true data on 1-year mortality in the validation population. The Hosmer and Lemeshow test results (P = 0.49) again demonstrated good calibration and goodness-of-fit for the model studied. The area under the ROC curve for the model was 0.78, indicating appropriate discrimination between patients who died by 1 year after starting treatment and those who did not.
Discussion
Identification of risk factors and development of indicators predictive of mortality are important for improving the outcome of medical care from both the clinical and administrative standpoints. In the present study, a prognostic indicator of death at 1 year following the start of HD was formulated to aid in clinical decision-making and management of nephrological resources. It is known that the presence of ischaemic heart disease, cardiac or respiratory failure, or neoplastic disease is associated with early death due to any cause in renal patients [1, 7] . In addition, certain clinical factors that are not specifically linked to renal disease, such as age, type of vascular access and degree of functional dependence, are also related to early death in this population [8, 9] . To our knowledge, there is only one (non-validated) study in the literature undertaken in patients starting dialysis in a hospital, in which the severity of the comorbid conditions and the grade of functional autonomy were found to be more important than the age for predicting morbidity and mortality, and late referral was also identified as an adverse factor [10] . Despite the recognized transcendence of these risk factors, they have been rarely assessed in population settings.
Our results on morbidity concur with the findings of other studies that have compiled and characterized the variables in a similar manner [11] [12] [13] [14] . Specifically, the presence of heart disease, malnutrition, neoplasm or liver disease before starting RRT were all associated with early death. Nevertheless, our findings on predialysis risk factors apart from morbidity show some differences as compared to those reported in the literature. In the present study, the association between late referral to the nephrologist and early mortality unexpectedly disappeared when the model was adjusted for the type of vascular access used to start dialysis. We believe this may have occurred because of the link between these two factors: the small number of patients in the cohort with late referral (10.4% of the total) [15] [16] [17] and the elevated number of patients (around 50%) starting dialysis with a catheter, mainly because of organizational problems in the health system (coordination among specialists and lengthy waiting lists in vascular surgery). In addition, our model highlighted another variable, the grade of functional autonomy derived from the Karnofsky index [4] , which proved to be a good predictor of mortality in several analyses with our data [1] .
One unexpected finding from the present study was that patients with systemic renal disease, but not those with diabetic disease, showed a higher risk of death as compared to patients with standard primary renal disease. Nevertheless, diabetic nephropathy is a well-recognized risk factor for mortality [18] . According to data from the RMRC, longterm mortality in diabetic patients is also higher in our dialysis population [1] ; however, in the first year of dialysis, the risk decreased after adjusting for factors such as functional autonomy and presence of cardiovascular disease, which carried a great deal of weight in the analysis in this group.
Examination of the various interactions between variables also provided relevant information, although this type of analysis was infrequent in the articles consulted. It is usually assumed that the risk is constant for different combinations of the variables; hence this aspect is not analysed. As a result of this practice, the models obtained are simpler, but may not be able to explain more complex realities, and as a consequence, the predictions offered by the prognostic indicators may be less accurate. In the present study, the added risk of death implicated in starting HD with a catheter was not the same for all patients. For example, for patients who do not have cardiovascular disease at initiation of HD, initial catheter access implies a 4-fold higher risk of death than initial AV fistula access. However, for patients who already have cardiovascular disease, the increased risk associated with catheter access is 'only' double that of AV fistula access. A similar pattern was observed with the interaction between vascular access and malnutrition.
Along the same line, we found that the risk of death associated with the presence of a malignant process was not constant at all ages. The younger age groups had a higher associated risk. This may be because neoplasms can be more aggressive in this population or because the time interval between the diagnosis and treatment of the malignant process, and the start of dialysis is likely to be longer in elderly than in young patients; hence the older group would have a greater probability of having overcome the disease when dialysis was started.
Several general indicators of comorbidity are in use, such as the Charlson [19] and Elixhauser [20] indexes; the former has been adapted for renal patients [21] . Several studies comparing various comorbiditiy indexes for their capacity to predict survival of renal patients have concluded that all are appropriate for analysing the impact of comorbidity on mortality [9, 22] and that comorbid conditions explain a higher percentage of the variations in heath status when they are analysed individually than when they are analysed as a group by means of the different indicators [20, 23] .
Other predictive models of mortality specifically designed for patients initiating dialysis and including a large number of relevant laboratory determinations have attributed a higher predictive value to comorbidity indexes than to laboratory findings [24] . Application of these models tends to be complex and most of them have not as yet been validated [24, 25] , with the exception of one published recently [26] . This last study presents a model developed from a retrospective analysis of a cohort of patients from different countries who died during a specific period of time, and was validated with a cohort of patients who started HD treatment in the same time period. Our model was developed and validated in a large number of incident cases in a population context that avoids the selection bias that may have occurred in the aforementioned study.
The limitations of this study are those inherent to any study performed with data extracted from a population registry, in which the variables utilized are limited in number and have a relatively low clinical specificity, but are highly robust. Another limitation related to the data source is the absence of certain parameters that might be relevant for predicting mortality in this population, such as haemoglobin determination, residual renal function and date of the first visit to the nephrologist. These factors were not available for the cases analysed during the study period, and retrospective data collection was excluded because of the large number of cases involved and the low reliability of data compiled in this manner.
The fact that the model was developed and validated in the same geographic setting may pose a problem for applying it to other patient populations on haemodialysis, in which the health care organization may imply substantial modifications in the non-morbid determinants of nephrological care (e.g. the priority of starting with AV fistulas). Nonetheless, the findings obtained are similar to other recently reported results [26] , which leads us to believe that it could be feasible to apply our model in other settings. To this purpose, it would be interesting to validate it in other populations.
Despite the limitations mentioned, studies carried out with population registries can be more reliable than those performed with hospital data or in samples because the information is collected prospectively, there is no selection bias, a large number of cases are available and loss of patients to follow-up in the period studied is virtually nonexistent. The Renal Registry of Catalonia, a mandatory population registry that records information on all patients receiving RRT in the Mediterranean region of Catalonia, is well suited for this purpose. In 1988, the Registry underwent an external validation process, which showed exhaustive notification of relevant variables and excellent agreement. These findings verify the validity of the data for the use in clinical and epidemiological studies, and indicate the Registry's proper functioning. In 1990, the RMRC became a local registry of the European Dialysis and Transplant Association (EDTA) [27] .
Another advantage of this study is the fact that it was conducted in a relatively small community (7 million inhabitants) with a registry that has been fully functioning for 23 years, which facilitates homogeneity in the system for data notification and clinical management of these patients, thereby conferring a high degree of robustness to the model.
Finally, we mention that the variables used in the model are easily compiled by the attending physician, even at the first visit with the patient, and that analytical and biological determinations are not required.
The availability of an easy-to-apply risk indicator when the indication for RRT is being assessed can provide an orientation regarding interventions focussed on correcting modifiable risk factors, which should be implemented during the predialysis period whenever possible. It is important for the clinician to have a reliable estimation of the probability of death for each individual patient. Despite the fact that nephrologists can predict early death with reasonable certitude based on their experience, acceptance or rejection of RRT depends on the objective information offered to patients and their family. In other words, the availability of valid, easily applicable prognostic indicators adds an objective element to the evaluation of indicating or discontinuing renal replacement therapy. The study also provides the possibility for objective criteria to be remitted to the public health system to improve the establishment of priorities in the care provided. Lastly, the scores obtained with this model can be used as an adjusting variable when comparing survival results from different populations.
In conclusion, the model presented possesses good predictive capacity, as was seen in the validation study, and the variables used can be easily obtained in daily clinical practice. We believe the simplicity of the system is a decisive advantage when considering its applicability and utility in nephrological patient care.
